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Space Physics Master’s Course
Lecture 8

Storms and Van Allen Belts









Gkioulidou+, JGR 2014

March 2013 storm, Van Allen Probes



Rikubetsu 1994 (Kamide+, JGR1998)



Substorms or convection?

Modeling efforts showed that 
adiabatic acceleration associated with 
earthward convection of ions under the 
influence of the large-scale electric field 
is sufficient to produce 
the storm-time ring current 

and therefore substorms are redundant. 



Magnetic Storms

Require prolonged SW-magnetosphere coupling 
(many hours of large IMF Bs / Ey)

Daglis et al., PSS 2007
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Substorms or convection?

The Matrix (1999)

Does reality confirm virtual reality?



Substorms or convection?

Basic assumption 
of pro-convection, anti-substorm models: 

tail / plasma sheet E follows closely IMF Ey 
and, therefore, is enhanced during storms



Substorms or convection?

Hori et al (JGR2005), 9 years Geotail data: 

Large-scale electric field 
in the near-Earth plasma sheet 
is not enhanced 
during storm main phase
and does not correlate well with IMF







Substorms or convection?

Perfect results of models 
are useless 
if actual conditions 
do not correspond 
to the basic assumptions of the models
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Daglis, GM 1997

Ring current during intense storms



Preferential acceleration 

and subsequent dominance of O+ 

advocate substorm role 

(Delcourt / Daglis / Metallinou / Nose)

Substorms and O+ acceleration/dominance



More recently,  Van Allen Probes observed  
frequent, small-scale proton injections 
deep into the inner magnetosphere in

the region L~4-6.

Gkioulidou [2014] estimated that their 
overall direct effect can account for ~30% 
of the energy gain in the ring current 
region

Substorm influence



Gkioulidou+, JGR 2014



Reeves+, GRL2003 

Storms and RBs

Μagnetic storms 
have a variable outcome 

on relativistic electron fluxes

50% lead to 

enhancement of e– 
fluxes

20% lead to 

depletion of e– fluxes

30% do not affect e– 

fluxes





Radiation Belts: Inner, Outer



Main RB characteristics

Spatial extent

Inner belt:  

1.5 < L < 2.5 (highly energetic H+, energetic e-)

Slot electron zone: 

2 < L < 2.5 (minimum of relativistic e-)

Outer belt: 

2.5 < L < 7 (energetic  H+, relativistic e-)



Radiation Belts: Inner and Outer

Protons Electrons

slot

1.5 < L < 2.5 (highly energetic H+, energetic e-)

2 < L < 2.5 (minimum of relativistic e-)

2.5 < L < 7 (energetic H+, relativistic e-)
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Moya+ JGR2017

Storms and RBs

RBSP confirmation: 
Μagnetic storms have a variable outcome 



March/April 2001 Storms

j > 5 orders of magnitude, e– penetrate into slot and inner belt
Georgiou+ ANGEO2015
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